Fifty patients undergoing elective abdominal aortic surgery were randomised to receive either combined epidural and general anaesthesia and postoperative epidural analgesia (CEGA) or general anaesthesia and postoperative intravenous morphine infusion (GA). Prospective data was collected in order to compare the two groups. This included intraoperative cardiovascular changes and postoperative complications. The use of intraoperative vasopressors was significantly higher in the CEGA group (P< 0.01) but the use of intravenous glyceryl trinitrate was significantly lower (P< 0.01). There was no significant difference between groups in regard to blood loss, volume replacement or in the number of patients requiring postoperative ventilation. Two patients in the CEGA group died postoperatively compared to one in the GA group (not significant). There was no significant difference between groups in the total number or type of postoperative complications. Combining epidural anaesthesia with general anaesthesia altered intraoperative cardiovascular management but did not affect postoperative outcome.
Abdominal aortic surgery to correct either occlusive or aneurysmal vascular disease is associated with a mortality ranging from 5 to 10070. I Patients presenting for such surgery have a high prevalence of both coronary artery and pulmonary disease. 2 These associated diseases, together with the nature of the primary problem, produce significant morbidity and mortality.
Recently there has been much interest in modifying anaesthetic techniques to improve outcome. One such technique has been the introduction of combining epidural anaesthesia with general anaesthesia. Proponents of this technique have cited a decreased incidence of respiratory and cardiovascular complications, decreased duration of postoperative intensive care stay, a decrease in postoperative infections and a reduced overall postoperative complication rate. 1 < Indeed, Yeager et al. J found the complication rate in patients receiving only general anaesthesia increased to such an extent that they stopped their study because they considered the conduct of anaesthesia without the epidural component unethical. However, an editorial 6 associated with this report expressed concern about the study based on the small numbers of patients and thus confirmatory studies were required. We therefore conducted a prospective randomised trial comparing the outcome of general anaesthesia and postoperative intravenous morphine analgesia (GA) with combined epidural and general anaesthesia and postoperative epidural analgesia (CEGA) for abdominal aortic surgery.
METHOD
Fifty consecutive patients scheduled for elective abdominal aortic surgery gave informed consent to participate in the study which was approved by the Hospital Human Ethics Committee. Patients were randomised to receive either CEGA or GA. Exclusion criteria included contraindications to epidural anaesthesia, i.e. septicaemia, abnormal coagulation status, infection at the proposed puncture site and neurological disease. Premedication consisted of papaveretum and hyoscine or temazepam. On arrival in the operating theatre, an intravenous catheter, radial arterial line and pulmonary artery catheter were inserted and electrocardiograph (ECG) and pulse oximetry monitoring commenced. In the CEGA group, a 16-gauge Tuohy needle was inserted into the epidural space of the lower thoracic spine (usually T9-nO). An 18-gauge epidural catheter was then inserted. Following a 2 ml test dose of lignocaine 1.5070 with I in 200,000 adrenaline a Anaeslhesia and Intensive Care. VC)/. 21, No. 6, December, 1993 further 5 ml was injected preoperatively after which 5 ml was injected each hour intraoperatively.
General anaesthesia was induced in all patients by administering fentanyl 1-3 J-tg/kg and thiopentone 2-4 mg/kg, the trachea was intubated following pancuronium bromide 0.1 mg/kg, and the patients' lungs were ventilated with 66070 N20 in oxygen and enflurane. Cardiovascular monitoring consisted of ECG (leads Vs), radial arterial blood pressure, continuous pulmonary artery and central venous pressures with intermittent pulmonary artery wedge pressures. Other monitoring included end-tidal C02, urine output, blood loss, haemoglobin levels and activated clotting time.
All patients were preloaded with Hartmann's solution 5-10 mllkg after which maintenance fluids were administered at 5-10 mllkg/hr. Blood loss was initially replaced with polygeline (Haemaccel®, Hoechst), and autologous blood scavenged from the surgical site using a whole blood scavenging system (Sorenson®, Abbott).7 Homologous blood was transfused if haemoglobin decreased below 8-10 gm/dl. Mannitol 20070 150 mg/kg and cloxacillin were given at the time of skin incision. Hypertension (systolic blood pressure > 160 mmHg) was treated with intravenous glyceryl trinitrate and hypotension (systolic blood pressure < 100 mmHg) with blood volume expansion and intravenous metaraminol 0.5 mg, or ephedrine 5 mg if associated with a pulse rate below 60 beats/minute.
Tracheal extubation was attempted at the completion of surgery in all patients provided they were haemodynamically stable, maintained adequate ventilation, blood loss was less than 2500 ml and body temperature was greater than 35°C. All patients were returned to the intensive care unit (lCU). Analgesia was maintained by epidural infusion of 0.5070 bupivacaine in the CEGA patients and by intravenous infusion of morphine (2-5 mg/hr) in those patients without epidurals. Patients were discharged to the ward, when judged appropriate, where analgesia was continued for three days by the same method as in the ICU. On discharge from ICU APACHE 8 scores were assigned.
Patient follow-up was carried out by an independent anaesthetist at the time of discharge from ICU and at seven days postoperatively. Investigations performed daily for the first three days included chest X-ray (CXR), ECG, serum creatinine phosphokinase (CPK-MB) serum creatinine, serum bilirubin and haemoglobin levels. Complications were defined as previously described by Yeager et al. 3 (Table 1) . Appearance of blood on nasogastric lavage or rectally, with fall in haemoglobin of 2 g/dl or greater.
Rise in total bilirubin of greater than 85 micromoles/litre, with an increase in LDH or AST of 100070
Presence of localised infection with culture of positive pathogens plus one of: (1) positive blood culture of same pathogen (2) clinical evidence of chills, fever, rigor and increased WCC (3) haemodynamic evidence of sepsis Infiltrates on chest X-ray, plus two of temperature >38°C, raised WCC, positive sputum culture All preoperative intraoperative and postoperative data were recorded on a specifically designed audit form. Parametric data were analysed using single factor ANOVA, nonparametric data by chi-squared or Wilcoxon signed-rank tests where appropriate using Statview (Abacus Concepts Inc., Berkeley, Calif., U.s.A.).
RESULTS
Demographic data are listed in Table 2 . There were no significant differences between groups in regard to age, sex, weight, or ASA status. Preoperative medical conditions are listed in Table 3 . There were significantly more patients with chronic airways disease in the CEGA group (P<O.01). The data is expressed as mean with standard deviation in parenthesis. The averge duration of the epidural in the CEGA group was 62 (26) hours. There was no statistical difference between groups in duration of lCU stay (CEGA: 31 (20) hours; GA: 34 (39) hours, APACHE scores on discharge from lCV (CEGA: 10 (4); GA: 9 (4)) or total number of days in hospital (CEGA: 16 (8) days; GA: 16 (12) days.
One patient assigned to the CEGA group did not have an adequately functioning epidural as evidenced by increased requirements for additional anaesthesia intraoperatively and inadequate analgesia immediately postoperatively. He was treated with intravenous morphine postoperatively and the epidural was re-moved. This patient was still included in the CEGA group for analysis because it was thought that occasional failures may occur in clinical practice and thus may be associated with the technique of CEGA. Yeager et a. 3 also included epidural failures in the CEGA group for the purpose of analysis.
The use of intraoperative vasopressors (either ephedrine or metaraminol) was significantly increased in the CEGA group compared with the GA group (22 patients vs 9 patients; P<O.01). On the other hand, the use of intraoperative glyceryl trinitrate was significantly increased in the GA group compared to the CEGA group (18 patients vs 6 patients; P<O.01). There was no difference between groups in the estimated blood losses, or volume replacement (Table 4 ). Two patients in the CEGA group died in the immediate postoperative period. One patient died immediately following surgery. Post mortem examination demonstrated severe triple-vessel coronary artery disease and severe calcific aortic stenosis. Preoperativeiy, a cardiologist had diagnosed aortic sclerosis. The second patient was readmitted to lCU after initial discharge. He died on the eighth day following surgery and post mortem examination demonstrated a recent acute myocardial infarction. There was one postoperative death in the GA group. This patient made an initial satisfactory recovery but then developed a bowel obstruction which was relieved surgically, but abdominal sepsis occurred and the patient died 51 days postoperativeiy. Post mortem examination revealed a loculated abscess cavity above the abdominal graft and signs of an acute myocardial infarct as the cause of death.
Four patients in the GA group were not extubated immediately following surgery compared with one patient in the CEGA group but this was not statistically significant (P = 0.2). One patient in each group required ventilation for more than 24 hours.
There was no statistically significant difference between groups in the predefined criteria of post-operative morbity ( Table 5 ). There were 17 postoperative complications in 14 patients in the CEGA group compared with 13 complications in 11 patients in the GA group (including complications in those who died). 
Respiratory
Prolonged ventilation n.s.
Renal
Renal insufficiency 2 n.s.
Hepatic Failure
0 0 n.S.
Gastrointestinal
Gastric haemorrhage 0 n.s. Several complications occurred which were not predefined. One patient in each of the GA and CEGA groups became confused postoperatively while one patient in the CEGA group suffered a postoperative stroke (n.s.). Graft occlusion requiring re-exploration occurred in one patient in each group.
Major Infection

DISCUSSION:
There are many theoretical reasons favouring the use of CEGA. These include a dampening of the hormonal response to stress, 9 improved myocardial blood flow, 10 reduced myocardial oxygen consumption, 11 preserved postoperative lung function,12 and improved postoperative analgesia. On the other hand, epidural anaesthesia as an adjunct to GA may be associated with severe hypotension, 13 an increased requirement for fluids, 14 and increased oozing at the operation site. 15 In addition, there are rare but serious complications of inserting an epidural catheter. The intraoperative Anaesthesia and Intensive Care, Vol. 21, No. 6, December. 1993 anticoagulation required for vascular surgery poses a theoretical increased risk of peridural haemotoma. In order to justify the combination of epidural anaesthesia with general anaesthesia there must be good evidence that improved outcome outweighs the risks associated with epidural anaesthesia.
The increased use on intravenous vasopressors in the CEGA group supports the claim that hypotension is more likely to occur with epidural anaesthesia, There appears to be a different intraoperative cardiovascular profile between the two techniques, since the use of glyceryl trinitrate as an antihypertensive agent was increased in the GA group. It is important to realise that the cardiovascular management of the two techniques is thus different; i.e, the emphasis in the CEGA group is on increasing blood pressure while the converse holds for the GA group, Our results reflect an alternative approach to maintaining haemodynamic stability to that used by Blunt et al. 15 In that study the CEGA group was associated with a significantly increased fluid requirement and a decreased cardiac index. In our view pharmacological maintenance of haemodynamics rather than fluid loading may have a sounder physiological basis and be associated with more favourable cardiac function.
There was a wide spectrum of postoperative complications in both groups, but no particular complication was significantly associated with either group. Importantly, the GA group was not associated with an increased incidence of cardiovascular or respiratory complications. These results are in agreement with the results of Baron et al. 16 but contrast with the results of both Yeager and Glass 3 and Her et al. 5 who found that CEGA reduced the incidence of postoperative respiratory failure and subsequent ICU stay. Our findings may have been biased because there were more patients in the CEGA group with preoperative respiratory disease, yet no increased incidence of postoperative respiratory complications. The possibility of the epidural conferring some benefit in preventing respiratory problems in patients with preoperative respiratory disease cannot be discounted.
There was no difference in the duration of stay in either the ICU or total hospital stay between groups. This is an expected consequence of the similar complication rate between groups. A further consequence of this is that the cost of patient treatment, much advocated as a major benefit of CEGA by Yeager et aI., 3 would thus be comparable between groups.
The overall mortality rate of 5.70/0 is similar to other studies for this type of surgery. 17 In contrast to the study by Yaeger et al. there were no major advantages demonstrated for the CEGA group in either postoperative mortality or morbidity.
Studies examining the effect of regional anaesthesia on outcome during vascular surgery have demonstrated conflicting results. Cook et al. 18 have previously shown a decreased respiratory complication rate when spinal anaesthesia is used for peripheral vascular surgery, while Tuman et al. 4 have also demonstrated improved outcome for this surgery when epidural anaesthesia is combined with general anaesthesia. Yeager et al. demonstrated improved outcome for CEGA but their study was not confined to vascular surgery, Baron et al. 17 studied CEGA in patients undergoing abdominal aortic surgery and found no difference in outcome. Our study is similar to that of Baron et al. 17 because the cases included only those patients undergoing abdominal aortic surgery. Furthermore like Baron et al. we did not demonstrate a significant improvement in outcome due to CEGA.
In conclusion, the use of CEGA in abdominal aortic surgery is associated with different intraoperative cardiovascular management from that used with GA alone. However, although soundly based in theory, the clinical advantages of CEGA compared with GA in terms of outcome require further investigation.
